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Abstract 
In this paper, the robust stabilization is considered for uncertain stochastic multiple time-delay systems with actuator 
saturation. The parametric uncertainties are assumed to be time-varying and norm-bounded. The time-delays are 
considered to be time-varying and have lower and upper bounds. By using a linear matrix inequality formulation, 
sufficient conditions are derived to guarantee local stabilization of the closed-loop system. Some known results are 
generalized.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology. 
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1. Introduction 
Both time-delay and saturating controls are commonly encountered in various engineering systems and 
are frequently a source of instability. The problems have been widely studied because of its practical 
interest: for example, [1] for a bibliographical overview. Saturation of the actuators not only deteriorates 
the control system performances but also can lead to instability since the feedback loop is broken in such 
saturation. The stabilization of uncertain linear time-delay systems with saturating actuators has received 
great interest. Most methods proposed to address this problem make use of linear matrix inequalities, see 
[2]-[4]. The LMI approach has also the advantage that it can be solved numerically very efficiently using 
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interior-point algorithms that have been recently developed. Throughout this paper, matrices are assumed 
to have compatible dimensions.  
2. Problems statement 
Consider the following uncertain stochastic multiple time-delay systems with actuator saturation 
described by Ito equation: 
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where nRtx ∈)( is the state; mRtu ∈)( the control input, 0)(0 =th , hhth ii ≤≤≤ )(0 ,
mi ,,1 L= , are the time-varying delays of the system, where h  is a positive constant. Furthermore, 
we assume the time derivative of the time-varying )(thi& , mi ,,1 L=  to be less than one i.e. 
1)( <≤ ii th μ& , ,1=i m,L  where iμ , mi ,,1 L=  are positive constant. )(tAi , mi ,,0 L=  and 
)(tB  are matrix functions with time-varying uncertainties, that is 
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where iAΔ , mi ,,0 L= , B are known constant matrices and )(tAiΔ , mi ,,0 L= , )(tBΔ are
unknown matrices representing time-varying parameter uncertainties. We assume that uncertainties are 
norm-bounded and can be described as  
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unknown matrix functions satisfying ItFtF i
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nn RRRg ×××+ L:  which is locally Lipschitz continuous and satisfies the linear condition [2]. 
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where iG , mi ,,0 L=  are known constant matrices. )];0,([2 0 nF RhL −∈φ is the initial function. 
       Now, the problems to be studied in this paper are:                                                                                                            
1)  by employing the static state feedback control law )()( tKxtu =                                              (4) 
we derive the robust stability conditions of system (1); 
2)  find a robust stability domain )(δD , such that for any initial-state )(tφ , ]0,[ ht −∈  in )(δD ,
system (1) is robustly stable under the above static state feedback control law, where )(δD  is defined as 
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whereδ is a positive scalar to be found. 
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      Similar to [3], we define the polyhedral set 
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By using (4), (6) and (9), we can derive the closed-loop system 
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Lemma 1 ([3]) For any vectors nRyx ∈, , matrix nnRP ×∈<0 , fnnRD ×∈ , nn fRE ×∈ ,
ff nnRF ×∈ , and any scalars 0>ε  if IFF T ≤ , then the following inequalities hold: 
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3. Main results 
We are now able to formulate the main results of this paper. 
Theorem 1 If there exist scalars 0>α , 0>iγ , mi ,,1 L= , 0>jε , 4,,1 L=j  and matrices  
0>X , 0>iY , 0>iZ , mi ,,1 L= , nmRU ×∈ , such that the following LMIs hold 
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 Proof Let )))((,)),((),(,()( 1 thtxthtxtxtgtg m−−= L . Consider the following Lyapunov 
functional candidate for system (10) has the form:  
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By Lemma 1, for any scalars 0>iγ , 0>jε , mi ,,1 L= , 4,,1 L=j , and any matrices 0>iZ ,
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     Combing above, we can obtain 
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      Now, similar to [3], we consider the ellipsoid }1)()({ ≤∈= tPxtxRxD Tne                             (18)                       
For a fixed condition 0x given by )(sup 00 tx ith φ≤≤−= , we obtain  
)()(
)(
1maxmax
2
min2
0
i
m
i i
T QhPKK
uP
x ∑ =+≤ λλ
λ ω                                                     (19) 
      Similar to [4], the inequality (14) means that ),( ωuKdDe ⊂ . This completes the proof.  
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